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(57) ABSTRACT

The present invention relates to the discovery that acetylsali-
cylic acid (ASA or aspirin), salicylic acid (SA) and related
salicylate esters and their pharmaceutically acceptable salts,
when coadministered in effective amounts with a drug or
other bioactive agent which typically (in the absence of the
salicylate compound) produces significant hepatotoxicity as a
secondary indication, will substantially reduce or even elimi-
nate such hepatotoxicity. Favorable therapeutic intervention
results from the use of the present invention having the effect
of reducing hepatotoxicity associated with the administration
of certain drugs and other bioactive agents and in certain
instances of allowing the administration of higher doses of a
compound which, without the coadministration, would pro-
duce hepatotoxicity which limits or even negates the thera-
peutic value of the compound.
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COMPOSITIONS AND METHODS FOR
REDUCING HEPATOTOXICITY ASSOCIATED
WITH DRUG ADMINISTRATION
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The present application claims the benefit of priority of
U.S. provisional application Ser. No. 60/999,413, filed Oct.
18, 2007, entitled “Protection From Acute and Chronic Liver
Injury by Therapeutic Doses of Aspirin”, the entire contents
of said patent application being incorporated by reference
herein.

This application is a U.S. National Stage of International
Application No. PCT/US2008/011945 filed 20 Oct. 2010 and
claims the benefit under 35 U.S.C. §119(e) of U.S. Provi-
sional Patent Application No. 60/999,413 filed 18 Oct. 2007.

GOVERNMENT SUPPORT

This invention was supported by grants from the National
Institutes of Health, grant numbers NIH KO8 A1065517, NIH
ROIDK076674-01A2 and NIH T32 DK7356. The govern-
ment retains rights in this invention.

FIELD OF THE INVENTION

The present invention relates to the discovery that acetyl-
salicylic acid (ASA oraspirin), salicylic acid (SA) and related
salicylate esters and their pharmaceutically acceptable salts,
when coadministered in effective amounts with a drug or
other bioactive agent which typically (in the absence of the
salicylate compound) produces significant hepatotoxicity as a
secondary indication, will substantially reduce or even elimi-
nate such hepatotoxicity. Favorable therapeutic intervention
results from the use of the present invention having the effect
of reducing hepatotoxicity associated with the administration
of certain drugs and other bioactive agents and in certain
instances of allowing the administration of higher doses of a
compound which, without the coadministration, would pro-
duce hepatotoxicity which limits or even negates the thera-
peutic value of the compound.

Compositions comprising a hepatotoxicity reducing effec-
tive amount of ASA and/or SA or related agents as described
in greater detail herein, in combination with at least one drug
or other bioactive agent which, in the absence of ASA or SA,
produces substantial toxicity are an aspect of the present
invention. Methods of using ASA and/or SA or related com-
pounds to reduce hepatotoxicity associated with drug therapy,
represents an additional aspect of the present invention. The
present invention results in a patient being protected from
acute and chronic liver toxicity associated with the adminis-
tration of hepatotoxic bioactive agents.

BACKGROUND OF THE INVENTION

Acetaminophen (APAP) hepatotoxicity is the most com-
mon cause of death due to acute liver failure in the developed
world, and is increasingly recognized as a significant public
health problem (1, 2). The initial event in APAP induced
hepatotoxicity is a toxic-metabolic injury leading to hepato-
cyte death by necrosis and apoptosis. This results in second-
ary activation of the innate immune response involving up-
regulation of inflammatory cytokines with activation of NK,
NKT cells and neutrophils, which significantly contributes to
hepatotoxicity and mortality (3, 4). The molecular pathways
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2

for innate immune activation after hepatocyte death are of
great interest as they are likely a common pathway in sterile
inflammation.

IL-1p is a very potent pro-inflammatory cytokine, and
IL-1P levels are known to be increased during APAP hepato-
toxicity (5, 6). In addition signaling through the IL-1 receptor
(IL-1R) was recently shown to be important in APAP induced
hepatotoxicity (7). The mechanisms by which cellular death
results in up-regulation of IL-1f and activation of the sterile
inflammatory response are not known. In contrast to sterile
inflammation there is extensive data on IL-1p up-regulation
by a variety of pathogens. Activation of Toll-like receptors
(TLRs) by pathogen-associated molecular patterns (PAMPs)
results in up-regulation of pro-IL-1f via a MyD88, NF-kB
pathway. Analogous to other potent inflammatory steps, pro-
duction of IL-1f requires a second signal resulting in
caspase-1 mediated cleavage of pro-IL-1p to release the
active molecule (8-10).

Our approach was to try to identity the two signals which
were responsible for IL-1 production in APAP hepatotoxic-
ity. TLR9 was of interest to us as a candidate molecule
responsible for the first signal in sterile inflammation because
in addition to being activated by bacterial DNA rich in un-
methylated CpG motifs it can also be activated by DNA from
mammalian cells (11) (12). When mammalian cells undergo
apoptosis genomic DNA is modified by the caspase-activated
DNAase (CAD)-mediated cleavage, and also aberrant methy-
lation and oxidative damage (13-15). These apoptosis medi-
ated changes increase the ability of mammalian DNA to acti-
vate TLRO (16).

The activity of caspase-1 is regulated by a cytosolic protein
complex called the inflammasome consisting of a NALP fam-
ily member, the adaptor protein ASC and caspase-1 (17). A
variety of molecules can result in activation of NALP path-
ways. These include molecules from dying mammalian cells
causing activation of the inflammasome via NALP3, and
molecules from gram negative organisms causing activation
via IPAF (17). The NALP3 inflammasome was of interest to
us as a candidate molecule responsible for providing the
second signal required for IL-1{ activity in APAP hepatotox-
icity, and this was tested using mice deficient in caspase-1,
ASC, or NALP3. We further aimed to identify clinically
applicable strategies for down-regulating the caspase-1
inflammasome pathway, and test if they provide protection
from APAP induced hepatotoxicity.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows that APAP-mediated hepatotoxicity is depen-
dent on TLR9. (a) Increase in total liver pro-1L.-1p transcript
in wild-type mice twelve hours after APAP (500 mg/kg),
which is significantly lower in TLR9-/- mice compared with
wild-type (*P<0.01). (b) Significantly lower serum transami-
nases in TLR9-/- mice 12 hours after a single toxic dose of
APAP, compared to wild-type (*P<0.01). (c) Less liver hem-
orrhage and necro-inflamation in TLR9-/- mice 12 hrs after
APAP, compared with wild-type (H&E staining X20). (d)
Kaplan-Mayer survival curves for wild-type and TLR9-/-
mice over 72 hours after a single toxic dose of APAP (wild-
type n=15, TLR9—-/- n=17 P<0.04).

FIG. 2 shows the reduction in liver injury by TLR9 antago-
nist and induction of liver injury with apoptotic DNA. (a-b)
Treatment of wild-type mice with the TLR9 antagonist
ODN2088 significantly reduced APAP induced rise in liver
pro-1L-1p transcript and serum transaminases (APAP com-
pared to APAP+ODN2088 *P<0.01). (c-d) The TLR 7 and 9
antagonist IRS 954 significantly decreased mortality from
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APAP over 72 hours, and also reduced elevations in serum
ALT at 12 hrs after APAP (control n=14, IRS 964 n=14
P<0.006) (APAP compared to APAP+ODN2088 *P<0.01).
(e-g) Direct administration of DNA from apoptotic hepato-
cytes into the blood supplying the liver resulted in an increase
in hepatic transcripts of pro-1L-1f and pro-IL.-18 in wild-type
mice, and serum transaminases. Both serum transaminases
and pro-IL-1f and pro-IL.-18 transcripts were lower after
injection of DNA from healthy hepatocytes (healthy DNA
compared to apoptotic DNA *p<0.01). (h-j) In control
TLR9-/- mice there were no significant changes in serum
transaminases, and hepatic transcripts of IL-1§ and IL-18
after direct administration of DNA from apoptotic or healthy
hepatocytes.

FIG. 3 shows that DNA from apoptotic hepatocytes
increases pro-I11.-1f and pro-IL-18 transcripts in primary liver
endothelial cells and this is inhibited by TLR9 antagonist.
(a-b) To determine if APAP induced up-regulation of pro-I1L-
1P and pro-I1L.-18 was dependent on immune cells we exam-
ined the livers of Rag 1, y common chain double knockout
mice which lack most immune cell populations. There was
significant up-regulation of the transcripts of both cytokines
in the livers of Rag 1, y common chain double knockout mice
(wild-type control compared to wild-type APAP*p<0.001,
Rag-/- y/- control compared to Rag-/- v/-
APAP**p<0.001). (c-d) Culture of primary mouse endothe-
lial cells from wild-type mice with DNA from apoptotic, but
not healthy hepatocytes results in up-regulation of pro-1L-1
and pro-IL.-18, and this is down-regulated by TLR9 antago-
nist ODN2088 (apoptotic DNA compared to apoptotic DNA
with ODN2088 *p<0.001). (e-f) Culture of mouse endothe-
lial cells from TLR9-/- mice with DNA from apoptotic and
healthy hepatocytes does not result in up-regulation of pro-
IL-1p and pro-1L.-18. (g) To establish the importance of IL-1
in APAP hepatotoxicity an anti-IL.-1f antibody (0.2 mg each)
was used for in-vivo neutralization. This demonstrates sig-
nificant increase in survival of wild-type mice in the presence
of IL-1f neutralization compared to control antibody after
APARP (control antibody n=10, anti-IL-1$ n=10 P<0.02). (h)
To establish the importance of IL.-18 in APAP hepatotoxicity
1L.18-/- and wild-type mice were treated APAP. There was
significantly better survival in I[.-18—/- mice compared to
wild-type (wild-type n=10, IL-18-/- n=7 P<0.036).

FIG. 4 shows that APAP-mediated hepatotoxicity is depen-
dent on the NALP3, but not the IPAF inflammasome. (a)
Survival of caspase 1-/- and controls after intraperitoneal
injection of 500 mg/kg APAP (wild-type n=12, caspase 1-/-
n=12 P<0.04) (b) Survival of ASC—/- and controls after
APAP (wild-type n=15, ASC-/- n=15 P<0.03). (c) Survival
of NALP3-/- and controls after APAP (wild-type n=15,
NALP3-/-n=15 P<0.006). (d) Survival of [IPAF-/- and con-
trols after APAP (wild-type n=12, IPAF-/- n=8 P: NS). (e)
H&E staining of livers at 20x magnification from wt, caspase
1-/-, ASC-/- and NAL.P3-/- mice 12 hrs after ip injection of
PBS or APAP showing reduced necroinflammation and hem-
orrhage in all the mice lacking components of the NALP3
inflammasome. (f) Serum ALT from wild-type, Casp 1-/—,
ASC—/-,NALP 3-/- and IPAF—/- 12 hrs after APAP. In Casp
1-/-, ASC—~/- and NALP 3-/- serum ALT were significantly
less than the wild-type after APAP (P<0.03) (g) To confirm
in-vivo caspase-1 activation in endothelial cells, 24 hours
after administration of APAP or control PBS liver sinusoidal
cells were isolated and cleavage of caspase-1 detected by
western blotting.

FIG. 5 Aspirin inhibits the NALP3 pathway and reduces
APAP induced liver injury. (a) wild-type or NALP3—/- mice
were injected with MSU crystals ip (3 mg/mouse). After 3
hours peritoneal lavage was performed and the number of
GR-1 positive neutrophils quantified (wild-type MSU com-
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pared to NALP3 MSU*P<0.0001). (b) wild-type mice were
treated with or without aspirin (60 mg/1) in the drinking water
for 3 days and then injected intraperitoneally with MSU crys-
tals or PBS. After 3 hours peritoneal lavage was performed
and the number of Gr-1 positive neutrophils quantified (MSU
compared to MSU+ASA*P<0.0001). (¢) Survival analysis of
mice treated with and without aspirin (60 mg/1) in the drink-
ing water for 3 days and then injected intraperitoneally with
APAP (500 mg/kg) (control drinking water n=13, aspirin
drinking water n=17 P<0.02). (d) H&E stained liver tissue
sections at 20x magnification from wild-type mice 12 hours
after ip injection with APAP or PBS. Mice were on aspirin or
regular drinking water for three days prior to APAP injection.
There is significant reduction in APAP induced liver injury
and hemorrhage in mice receiving aspirin. (e) Serum ALT
from wild-type mice 12 hrs APAP with and without pre-
treatment with aspirin. The aspirin treated group had signifi-
cantly lower serum ALT (P<0.04).

FIG. 6 Aspirin down-regulates pro-IL-1f and pro-IL-18
transcripts. (a) Survival after ip injection of APAP with and
without clopidogrel by gavage (30 mg/kg every 24 hrs) (PBS
gavage n=15, clopidogrel gavage n=15 P<0.31). Clopidogrel
or PBS was gavaged every 24 hours beginning 48 hours prior
and ending 24 hours after APAP injection. (b) Survival after ip
injection of APAP with and without cox-1 inhibitor SC-560.
SC-560 (5 mg/kg) or control PBS was gavaged twice daily
beginning 60 hours prior and ending 48 hours after APAP
injection (PBS gavage n=10, SC-560 gavage n=10 P<0.97).
(c-f) Real-time PCR for pro-IL-1f, pro-IL-18, TNF-a and
IFN-y from whole livers of mice treated as describe above.
Shown is a representative experiment out of four in which
each group represents three mice (APAP compared to ASA+
APAP for ¢ and d*p<0.03, APAP compared to ASA+APAP
for e and **p<0.005). (g) ELISA for IL-1p from serum of
mice given APAP with and without ASA in drinking water
(APAP compared to ASA+APAP*p<0.02). (h) Real-time
PCR for pro-1L-1p from THP-1 cells that were incubated
overnight with control vehicle, or various doses of aspirin and
then for 8 hours with or without LPS. Data shown is a repre-
sentative experiment of three in which each treatment was
performed in triplicate (LPS compared to LPS+ASA 1.5
mM?* and LPS compared to LPS+ASA 0.15 mM # P<0.05).

FIG. 7 shows production of mature IL-1f3 in APAP hepa-
totoxicity. Release of mature IL.-1f requires transcription of
pro-1L-1p, and subsequent cleavage and secretion by acti-
vated caspases-1. In APAP hepatotoxicity apoptotic mamma-
lian DNA has been shown to increase transcription of pro-1L.-
1P via a TLRY dependent pathway, and caspase-1 has been
shown to be activated via a NALP3, ASC pathway. The iden-
tity of the presumed danger associated molecules responsible
for activating the NALP3 inflammasome in APAP hepatotox-
icity remains to be determined.

BRIEF DESCRIPTION OF THE INVENTION

The present invention relates to the discovery that a sali-
cylate compound according to the structure:

Where R is H or a C,-C,,, acyl group (preferably H or an
acetyl group), or a pharmaceutically acceptable salt thereof,
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may be used in combination with a bioactive agent which
produces significant hepatotoxicity (“a hepatotoxicity induc-
ing bioactive agent™) in the absence of said salicylate com-
pound to substantially reduce said hepatotoxicity. In pre-
ferred aspects of the invention, the salicylate compound is
acetylsalicylic acid (aspirin, R—C, acyl or acetyl group) or a
pharmaceutically acceptable salt thereof.

Thus, in one aspect, the present invention relates to phar-
maceutical compositions which comprise an effective
amount of a salicylate compound as set forth above, in com-
bination with at least one bioactive agent which produces
hepatotoxicity as a side effect, optionally in combination with
a pharmaceutically acceptable carrier, additive or excipient.
In certain aspects, the pharmaceutical composition includes a
high dose effective amount of a bioactive agent in combina-
tion with the salicylate.

In another aspect, the present invention relates to a method
for reducing hepatotoxicity secondary to the administration
of bioactive agent which produces hepatotoxicity as a sec-
ondary or side effect, the method comprising coadministering
an effective amount of at least one salicylate compound as
described above in combination with said bioactive.

The present method is applicable and adaptable to a large
number of heptatoxicity inducing bioactive agents which pro-
duce hepatotoxicity and limit their usefulness because of that
hepatotoxicity. The present invention may be used to increase
the effectiveness of such bioactive agents (for example by
increasing an agent’s therapeutic index and/or increasing the
dose which may be administered to a patient). Pursuant to the
present invention, in some cases, bioactive agents which
have, heretofore, been considered of limited utility as clini-
cally relevant therapies because of significant hepatotoxicity
associated with the administration of these agents are now
clinically relevant, an important factor in enhancing the arma-
mentarium against a number of disease states and conditions,
especially including HIV infections, among others.

DETAILED DESCRIPTION OF THE INVENTION

The following terms shall be used to describe the present
invention. Ininstances where a term is not specifically defined
herein, the term shall be accorded its meaning, within the
context of its use, as understood by those of ordinary skill in
the art.

The term “compound” shall mean any specific compound
which is disclosed within this specification and typically
means a salicylate, salicylate ester or a pharmaceutically
acceptable salt thereof, or a bioactive agent, including phar-
maceutically acceptable salts thereof, generally a drug, in
amounts effective to produce an intended physiological
effect, but which also causes significant hepatotoxicity to a
patient as a side or secondary effect of administering the drug
to the patient. Pharmaceutically acceptable salts are also com-
pounds for use in the present invention.

The term “effective” when used in context, shall mean any
amount of a compound or component which is used to pro-
duce an intended result within the context of its use. In the
case of bioactive agents according to the present invention,
the term effective generally refers to a therapeutically effec-
tive amount of compound which will produce an intended
physiological effect associated with that agent, and may
include such activity as antimicrobial activity including anti-
viral, antibacterial, antifungal activity, etc. antimicrobial
activity such as antiviral activity, antifungal activity, antibac-
terial activity, especially including or other pharmacological
activity, including the treatment of diabetes, etc. In the case of
salicylates, which are used in compositions according to the
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present invention to eliminate or reduce hepatotoxicity asso-
ciated with the administration of a bioactive agent as other-
wise described herein, an effective amount of salicylate is that
amount which significantly decreases hepatotoxicity associ-
ated with the administration of the bioactive agent.

In preferred aspects of the invention, the amount of salicy-
late which is administered to a patient or subject to reduce the
hepatotoxicity of the coadministered bioactive agent is an
effective amount falling within the range from about 0.01
mg/kg to about 25 mg/kg, about 0.1 mg/kg to about 20 mg/kg,
about 0.5 mg/kg to about 15 mg/kg, about 1.0 mg/kg to about
12.5 mg/kg, about 1.5 mg/kg to about 10 mg/kg, about 2.5
mg/kg to about 7.5 mg/kg, about 3.0 mg/kg to about 5 mg/kg,
about 4 mg/kg to about 4.5 mg/kg. One of ordinary skill in the
art may adjust the amount of salicylate coadministered with a
bioactive agent to influence and reduce the hepatotoxicity of
the coadminstered bioactive agent.

The bioactive agent which is administered is that amount
effective to produce an intended therapeutic result and may
vary widely. The amount of bioactive agent used in the instant
invention to be combined with the salicylate compound and
carrier materials to produce a single dosage form will vary
depending upon the host treated, the particular mode of
administration, the level of hepatotoxicity produced, etc.
Preferably, the compositions should be formulated so that a
therapeutically effective dosage of between about 0.1 pug/kg
and 25 mg/kg, about 0.50 pg/kg and 20 mg/kg, about 1 pg/kg
and 20 mg/kg about 5 pg/kg to about 15 mg/kg, about 500
ng/kg to about 10 mg/kg patient/day of the compound can be
administered to a patient receiving these compositions.

In preferred aspects of the invention, the use of an effective
amount of a salicylate as otherwise described herein, reduces
the hepatotoxicity of a bioactive agent which produces hepa-
totoxicity in the absence of salicylate at least about 5-10%, at
least about 20%, at least about 30%, at least about 40%, at
least about 50%, at least about 60%, at least about 70%, at
least about 80%, at least about 90%, at least about 95%, at
least about 97%, at least about 99%, at least about 99.5% and
atleastabout 100% (i.e., no appreciable hepatotoxicity can be
detected in the patient or subject).

The term “high dose effective amount™ is used through the
specification to describe an amount of'a bioactive agent which
may be used in a composition according to the present inven-
tion which is above the typical dose (“elevated dose”) which
may be safely administered to a patient or subject in the
absence of a hepatotoxicity reducing salicylate compound as
otherwise described herein. A high dose effective amount is a
dose of bioactive agent which would normally produce unac-
ceptably high hepatotoxicity (elevated ALT, ALP or bilirubin)
as otherwise described herein and would not be administered
for that reason, but because of its coadministration with a
salicylate (especially aspirin) and reduction in hepatotoxicity,
may be administered at a higher dose due to a higher or
increased therapeutic index. In preferred aspects a high dose
effective amount is at least about 10% higher, 15% higher,
20% higher, 25% higher, 30% higher, 35% higher, 40%
higher, 50% higher, 75% higher and 100% or more higher on
a weight basis than the highest recommended dosage of a
bioactive agent which induces hepatotoxicity in the absence
of a salicylate as otherwise described herein.

The terms “bioactive agent” and “a hepatotoxicity induc-
ing bioactive agent” are used synonymously in context to
describe compounds which often produce hepatotoxicity in
patients administered such agents. Bioactive agents as
described herein produce significant hepatotoxicity in the
absence of a salicylate compound as otherwise described
herein which substantially reduces said hepatotoxicity. Bio-
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active agents which are used in the present invention (in
combination pharmaceutical compositions) or affected by the
methods of the present invention include both clinically rel-
evant bioactive agents as well as bioactive agents which have
had difficulty with regulatory approval and clinical use given
the propensity to produce hepatotoxicity in patients.

Examples of bioactive agents which are used or affected by
the present invention include virtually any compound which
produces hepatotoxicity in a patient and includes, for
example, anaesthetic agents, antiviral agents, anti-retroviral
agents (nucleoside reverse transcriptase inhibitors and non-
nucleoside reverse transcriptase inhibitors), especially anti-
HIV agents, anticancer agents, organ transplant drugs (cy-
closporin, tacrolimus, OKT3), antimicrobial agents (anti-TB,
anti-fungal, antibiotics), anti-diabetes drugs, vitamin A
derivatives, steroidal agents, especially including oral contra-
ceptives, anabolic steroids, androgens, non-steroidal anti-in-
flammatory agents, anti-depressants (especially tricyclic
antidepressants) glucocorticoids, natural products and herbal
and alternative remedies, especially including St. John’s
wort.
Anti-TB Drugs:

Isoniazid

Ethambutol

Pyrazinamide

Ethionamide
Anti-fungal Drugs

Diflucan

Terbinafine

Itraconazole

Ketoconazole

Voriconazole

Posaconazole
Anti-Diabetes Drugs

Rosiglitazone

Pioglitazone
Vitamin A Derivatives

Acitretin

Isotretinoin
Anti-viral Drugs

Indinavir

Didanosine

Emtricitabine

Squinavir

Raltegravir

Ritonavir

Lopinavir

Lamivudine

Delavirdine

Zidovudine

Atazanavir

Maraviroc

Efavirenz

Nelfinavir

Tenofovir

Stavudine

Abacavir

Tipranavir

Darunavir

Festinavir

Combivir (lamivudine/zidovudine)

Epzicom (abacavir/lamivudine)

Kaletra (lopinavir/ritonavir)

Trizivir (abacavir/lamivudine/zidovudine)

Truvada (emtricitabine/tenofovir)

Atripla (efavirenz/emtricitabine/tenofovir)
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Statins

lovastatin

pravastatin

simvastatin

atorvastatin

amlodipine/atorvastatin (Caduet)

rosuvastatin

fluvastatin

fluvastatin ER

niacin/simvastatin (Simcor)

Non-statin Cholesterol Lowering Medications

fenofibrate

ezetimibe

gemfibrozil
Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

ibuprofen

ibuprofen/oxycodone

diclofenac

diflunisal

etodolac

fenoprofen

flurbiprofen

indomethacin

ketoprofen

mecrofenamate

nabumetone

naproxen

naproxen sodium

oXaprozin

salsalate

sulindac

tolmetin

ketorolac

piroxicam

meloxicam

prevacid/naproxen

celecoxib

mefenamic acid

sumatriptan/naproxen sodium

The following represents a more comprehensive list of
individual bioactive agents which can produce significant
hepatotoxicity and are favorably influenced by the present
invention:

Acebutolol, indomethacin, phenylbutazone, allopurinol,
isoniazid, phenytoin, atenolol, ketoconazole, piroxicam, car-
bamazepine, labetalol, probenecid, cimetidine, maprotiline,
pyrazinamide, dantrolene, metoprolol, quinidine, diclofenac,
mianserin, quinine, quinidine, diltiazem, naproxen, raniti-
dine, enflurane, para-aminosalicylic acid, sulfonamide anti-
biotics, ethambutol, penicillins (penicillin, benzylpenicillin,
phenoxymethylpenicillin, ampicillin, amoxicillin, diclox-
acillin, flucloxacillin, nafcillin, cloxacillin, penicillamine,
etc.) sulindac, ethionamide, phenelzine, tricyclic antidepres-
sants (desipramine, imipramine), halothane, phenindione,
valproic acid, ibuprofen, phenobarbital, verapamil, adreno-
corticol steroids, phenothiazines, antithyroid drugs, pheny-
toin, tetracyclines, valproic acid, methotrexate, actinomycin
D, chlorpropamide, erythromycin, azathioprine, cyclophos-
phamide, benzodiazepines (flurazepam, diazepam, chlor-
diazepoxide), captopril, cyclosporine, flutamide, carbam-
azepine, danazol, glyburide, carbimazole, gold salts,
cephalosporins, disopyramide, griseofulvin, enalapril, halo-
peridol, ketoconazole, norethandrolone, mercaptopurine,
tamoxifen, methyltestosterone, testosterone, thiabendazole,
nifedipine, tolbutamide, nitrofurantoin, phenothiazines, pro-
poxyphene, verapamil, allopurinol, hydralazine, procaina-
mide, carbamazepine, chlorpromazine, nitrofurantoin, dilt-
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iazem, tolbutamide, disopyramide, phenylbutazone,
dantrolene, methyldopa, terbinafine (HCI), nicotinic acid,
chlorpromazine/valproic acid (combination), thorotrast,
danazol, labetolol, adriamycin, dacarbazine, thioquanine,
vincristine, vitamin A (excess doses), carmustine, mitomy-
cin, maprotiline, probenecid, piroxicam, diclofenac, enflu-
rane, sulindac, phenindione, glyburide, haloperiodol, nore-
thandolone, amiodarone, felbamate, fenofibrate, femfibrozil,
fenofibrate and femfibrozil (combination), imatinib, lefluno-
mide, nefazodone, niacin, aminosalicyclic acid/aminosalicy-
late sodium, capreomycin sulfate clofazimine, cycloserine,
clopidogrel, kanamycin sulfate, rifabutin, rifampin, rifapen-
tine, streptomycin sulfate, gatifloxacin, tacrine and riluzole
(glutamate modulator), among others, including troglitazone,
bromfenac, trovafloxacin, ebrotidine, nimesulide, nefaz-
odone and ximelagatran.

The term “hepatotoxicity” or “drug induced hepatotoxic-
ity” is used to describe hepatotoxicity (liver toxicity) which
occurs as a consequence of chemical-driven liver damage.
The liver plays a central role in transforming and clearing
chemicals and is susceptible to the toxicity from these agents.
Certain medicinal agents when taken in overdoses and some-
times even when introduced within therapeutic ranges may
injure the organ. Other chemical agents such as those used in
laboratories and industries, natural chemicals (e.g. micro-
cystins) and herbal remedies can also induce hepatotoxicity.
Chemicals that cause liver injury are called hepatotoxins.
More than 900 drugs have been implicated in causing liver
injury and it is the most common reason for a drug to be
withdrawn from the market. Chemicals often cause subclini-
cal injury to liver which manifests only as abnormal liver
enzyme tests. Drug induced liver injury is responsible for 5%
of all hospital admissions and 50% of all acute liver failures.

Drugs and other chemicals may produce a wide variety of
clinical and pathological hepatic injury. Biochemical markers
(i.e. alanine transferase, alkaline phosphatase and bilirubin)
are often used to indicate liver damage. Liver injury is defined
as an increase in either (a) ALT level more than three times of
upper limit of normal (ULN), (b) ALP level more than twice
ULN, or (c) total bilirubin level more than twice ULN when
associated with increased ALT or ALP. Liver damage is fur-
ther characterized into hepatocellular (predominantly initial
alanine transferase elevation) and cholestatic (initial alkaline
phosphatase rise) types. However these are not mutually
exclusive and mixed type of injuries are often encountered.

In the present invention, the inclusion of a salicylate com-
pound as otherwise described herein produces a substantial
reduction (at least about 10% reduction, at least about 20%
reduction, at least about 25% reduction, at least about 30%
reduction, at least about 35% reduction, at least about 40%
reduction, at least about 45% reduction, at least about 50%
reduction, at least about 60% reduction, at least about 65%
reduction, at least about 75% reduction, at least about 85%
reduction, at least about 90% reduction or more) of hepato-
toxicity such that at least one of alanine transferase (ALT)
activity, alkaline phosphatase (ALP) activity and total biliru-
bin level, preferably at least ALT and ALP and preferably
ALT, ALP and bilirubin levels are all reduced by levels as
described above.

Specific histo-pathological patterns of liver injury from
drug induced damage are discussed below.

Zonal Necrosis

This is the most common type of drug induced liver cell
necrosis where the injury is largely confined to a particular
zone of the liver lobule. It may manifest as very high level of
ALT and severe disturbance of liver function leading to acute
liver failure.
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Causes:

Acetaminophen (Tylenol), carbon tetrachloride
Hepatitis

In this pattern hepatocellular necrosis is associated with
infiltration of inflammatory cells. There can be three types of
drug induced hepatitis. (A) viral hepatitis type picture is the
commonest, where histological features are similar to acute
viral hepatitis. (B) in the focal or non specific hepatitis scat-
tered foci of cell necrosis may accompany lymphocytic infil-
trate. (C) chronic hepatitis type is very similar to autoimmune
hepatitis clinically, serologically as well as histologically.

Causes:

(a) Viral hepatitis like: Halothane, Isoniazid, Phenytoin

(b) Focal hepatitis: paraaminobenzoic acid, oral contracep-
tives, aspirin

(¢) Chronic hepatitis: Methyldopa, Diclofenac
Cholestasis

Liver injury leads to impairment of bile flow and clinical
picture is predominated by itching and jaundice. Histology
may show inflammation (cholestatic hepatitis) or it can be
bland without any parenchymal inflammation. In rare occa-
sions it can produce features similar to primary biliary cir-
rhosis due to progressive destruction of small bile ducts (Van-
ishing duct syndrome).

Causes:

(a) Bland: Oral contraceptive pills, anabolic steroid,
Androgens

(b) Inflammatory: Allopurinol, Co-amoxiclav, Carbam-
azepine

(¢) Ductal: Chlorpromazine, flucloxacillin
Steatosis

Hepatotoxicity may manifest as triglyceride accumulation
which leads to either small droplet (microvesicular) or large
droplet (macrovesicular) fatty liver. There is a separate type of
steatosis where phospholipid accumulation leads to a pattern
similar to the diseases with inherited phospholipid metabo-
lism defects (e.g. Tay-Sachs disease)

Causes:

(a) Microvesicular: Ketoprofen, Tetracycline

(b) Macrovesicular: Acetamenophen, methotrexate

(c¢) Phospholipidosis: Amiodarone, Total parenteral nutri-
tion
Granuloma

Drug induced hepatic granulomas are usually associated
with granulomas in other tissues and patients typically have
features of systemic vasculitis and hypersensitivity. More
than 50 drugs have been implicated.

Causes:

Allopurinol, Phenytoin, Isoniazid, Quinine, Penicillin,
Quinidine
Vascular Lesions

Vascular lesions result from injury to the vascular endot-
helium.

Causes:

Venoocclusive disease: Chemotherapeutic agents, bush tea

Peliosis hepatis: anabolic steroid

Hepatic vein thrombosis: Oral contraceptives

The term “pharmaceutically acceptable salt” is used
throughout the specification to describe a salt form of one or
more of the compounds described herein which are presented
to increase the solubility of the compound in saline for
parenteral delivery or in the gastric juices of the patient’s
gastrointestinal tract in order to promote dissolution and the
bioavailability of the compounds. Pharmaceutically accept-
able salts include those derived from pharmaceutically
acceptable inorganic or organic bases and acids, especially
salts of carboxylic acids. Suitable salts include those derived
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from alkali metals such as potassium and sodium, alkaline
earth metals such as calcium, magnesium and ammonium
salts, among numerous other acids well known in the phar-
maceutical art. Sodium and potassium salts are particularly
preferred as neutralization salts of carboxylic acids in com-
positions according to the present invention. The term “salt”
shall mean any salt consistent with the use of the compounds
according to the present invention. As used herein, the term
“salt” shall mean a pharmaceutically acceptable salt, consis-
tent with the use of the compounds as pharmaceutical agents.

The term “therapeutic index” (also known as therapeutic
ratio), is a comparison of the amount of a therapeutic agent
that causes the therapeutic effect to the amount that causes
toxic effects, as used in the present invention, hepatotoxicity.
Quantitatively, it is the ratio given by the dose causing hepa-
totoxicity divided by the therapeutic dose. A measure of
therapeutic index used herein is the hepatotoxic dose of a drug
for 50% of the population (TD,,) divided by the minimum
effective dose for 50% of the population (EDsy). A high
therapeutic index is preferable to a low one: this corresponds
to a situation in which one would have to take a much higher
amount of a drug to do harm than the amount taken to provide
a therapeutic effect.

In the past, a drug with a narrow therapeutic range (i.e. with
little difference between hepatotoxic and therapeutic doses)
may have its dosage adjusted according to measurements of
the actual blood levels achieved in the person taking it. This
may be achieved through therapeutic drug monitoring (TDM)
protocols. However, using the present invention (an effective
amount of a salicylate, especially aspirin, as otherwise
described herein), the therapeutic index of a bioactive agent
administered in the absence of a salicylate, especially aspir-
ing, as otherwise described herein, may be increased appre-
ciably, i.e., at least about 10%, at least about 15%, at least
about 20%, at least about 25%, at least about 30%, at least
about 35%, at least 40%, at least 45%, at least 50%, at least
60%, at least 75%, at least 90%, at least 95%, at least about
100%, at least about 150% (at least 1.5 times the therapeutic
index without coadministration of a salicylate as described
herein), at least about 200%, at least about 300%, at least
about 500%, at least about 1000% (at least 10 times the
original therapeutic index).

The term “coadministration” or “combination therapy” is
used to describe a therapy in which a salicylate which reduces
or ameliorates hepatotoxicity of another agent is combined
with a bioactive agent as otherwise described herein. The
bioactive agent used in the present invention may be used to
treat a wide range of disease states and/or conditions and may
exhibit a wide variety of pharmacological or physiological
effects. Although the term coadministration preferably
includes the administration of two compounds, at least one
salicylate as otherwise described herein as well as a bioactive
to the patient at the same time, it is not necessary that the
compounds be administered to the patient at the same time,
although effective amounts of the individual compounds will
be present in the patient at the same time. Compounds accord-
ing to the present invention are preferably coadministered in
a single composition, preferably which is at least sustained or
controlled release with respect to the hepatotoxicity reducing
salicylate compound which is used. In other instances, both
the hepatotoxicity reducing salicylate compound and the bio-
active agent are both formulated for sustained or controlled
release administration.

The term “sustained release” or “controlled release” is
used to describe administration of a salicylate and/or a bio-
active agent as otherwise described herein over a sustained or
controlled period of time, oftentimes for periods of at least
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about 4 hours, at least about 6 hours, at least about 8 hours, at
least about 10 hours, at least about 12 hours, at least about 16
hours, at least about 20 hours, at least about 24 hours, at least
about 2 days up to a week or more. In certain embodiments
which are delivered from transdermal patches, release may
occur over several weeks or more. The release rate for the
salicylate according to the present invention may differ from
the release rate of the bioactive agent. Sustained or controlled
release compositions according to the present invention con-
trast with delayed release, immediate release or “bolus”
release administration of compounds or delayed release com-
pounds, which represent alternative embodiments of the
present invention. Immediate release compositions are those
which release agents substantially immediately as a bolus
dose. Delayed release compositions are those which release
agents in a somewhat slower manner than an immediate
release composition, but which do not release agents in a
controlled or sustained release manner. See, for example,
fda.gov/cder/guidance/4964dft.htm at fda.gov/cder, among
other sources.

In order to provide sustained or controlled release compo-
sitions hereunder, well known techniques for influencing the
release rate of compositions may be used. Conventional for-
mulation techniques may be used in order to provide sus-
tained or controlled release compositions according to the
present invention. Sustained or controlled release composi-
tions according to the present invention may be provided
wherein salicylate and bioactive agent are delivered from the
same sustained or controlled release matrix in a tablet, cap-
sule, transdermal patch, topical creams or the like, or alterna-
tively, each of the salicylate compound and the bioactive
agent, although being delivered from the same capsule, tablet,
patch, cream, etc., may be delivered from different matrices
which release compound therefrom at differing rates in order
to provide effective concentrations in the blood, plasma and/
or serum of the patient.

Sustained or controlled release formulations which may be
used to formulate the present compositions include those
which are disclosed in inter alia, U.S. Pat. Nos. 4,508,702;
4,520,009; 4,970,081; 4,988,679; 4,753,801; 4,755,387,
4,629,621, 4,308,251; 4,302,440, 5,004,613; 4,460,368;
4,555,399, 4,316,884, 4,025,613; 4,829,523; and 4,867,984,
relevant portions of which patents are incorporated by refer-
ence herein.

Pursuant to the present invention, the inclusion of a salicy-
late compound as otherwise described herein produces a sub-
stantial reduction (at least about 5-10% reduction, at least
about 20% reduction, at least about 25% reduction, at least
about 30% reduction, at least about 35% reduction, at least
about 40% reduction, at least about 45% reduction, at least
about 50% reduction, at least about 60% reduction, at least
about 65% reduction, at least about 75% reduction, at least
about 85% reduction, at least about 90% reduction) of hepa-
totoxicity caused by a bioactive agent as otherwise described
herein such that at least one of alanine transferase (ALT)
activity, alkaline phosphatase (ALP) activity and total biliru-
bin level, preferably at least ALT and ALP and preferably
ALT, ALP and bilirubin levels are all reduced by levels as
described above.

Compounds according to the present invention may be
used in pharmaceutical compositions having biological/phar-
macological activity for the treatment of, for example, micro-
bial infections, including viral infections such as HIV infec-
tions, Mycobacterial infections, especially Mycobacterium
tuberculosis (tuberculosis) infections, fungal infections,
including Candida infections, among numerous others, for
the treatment of diabetes and for the treatment of skin condi-
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tions such as acne, as well as numerous other disease states
and/or conditions as otherwise described herein. Virtually any
bioactive agent which produces hepatotoxicity may be uti-
lized in the present invention in combination with an effective
amount of a salicylate compound as otherwise described
herein.

The compositions of the present invention may be formu-
lated in a conventional manner using one or more pharma-
ceutically acceptable carriers. Pharmaceutically acceptable
carriers that may be used in these pharmaceutical composi-
tions include, but are not limited to, ion exchangers, alumina,
aluminum stearate, lecithin, serum proteins, such as human
serum albumin, buffer substances such as phosphates, gly-
cine, sorbic acid, potassium sorbate, partial glyceride mix-
tures of saturated vegetable fatty acids, water, salts or elec-
trolytes, such as prolamine sulfate, disodium hydrogen
phosphate, potassium hydrogen phosphate, sodium chloride,
zinc salts, colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene gly-
col, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethyl-
ene glycol and wool fat.

The compositions of the present invention may be admin-
istered orally, parenterally, by inhalation spray, topically, rec-
tally, nasally, buccally, sublingually, vaginally or via an
implanted reservoir. The term “parenteral” as used herein
includes subcutaneous, intravenous, intramuscular, intra-ar-
ticular, intra-synovial, intrasternal, intrathecal, intrahepatic,
intralesional and intracranial injection or infusion techniques.
Preferably, the compositions are administered orally, intrap-
eritoneally, or intravenously. Preferred routes of administra-
tion include oral administration, sublingual or buccal admin-
istration and pulmonary administration (by inhaler/inhalation
spray).

Sterile injectable forms of the compositions of this inven-
tion may be aqueous or oleaginous suspension. These sus-
pensions may be formulated according to techniques known
in the art using suitable dispersing or wetting agents and
suspending agents. The sterile injectable preparation may
also be a sterile injectable solution or suspension in a non-
toxic parenterally-acceptable diluent or solvent, for example
as a solution in 1,3-butanediol. Among the acceptable
vehicles and solvents that may be employed are water, Ring-
er’s solution and isotonic sodium chloride solution. In addi-
tion, sterile, fixed oils are conventionally employed as a sol-
vent or suspending medium. For this purpose, any bland fixed
oil may be employed including synthetic mono- or di-glyc-
erides. Fatty acids, such as oleic acid and its glyceride deriva-
tives are useful in the preparation of injectables, as are natural
pharmaceutically-acceptable oils, such as olive oil or castor
oil, especially in their polyoxyethylated versions. These oil
solutions or suspensions may also contain a long-chain alco-
hol diluent or dispersant, such as Ph. Helv or similar alcohol.

The pharmaceutical compositions of this invention may be
orally administered in any orally acceptable dosage form
including, but not limited to, capsules, tablets, aqueous sus-
pensions or solutions, preferably as sustained release compo-
sitions, at least for the salicylate administered. In the case of
tablets for oral use, carriers which are commonly used include
lactose and corn starch. Lubricating agents, such as magne-
sium stearate, are also typically added. For oral administra-
tion in a capsule form, useful diluents include lactose and
dried corn starch. When aqueous suspensions are required for
oral use, the active ingredient is combined with emulsifying
and suspending agents. If desired, certain sweetening, flavor-
ing or coloring agents may also be added.
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Alternatively, the pharmaceutical compositions of this
invention may be administered in the form of suppositories
for rectal administration. These can be prepared by mixing
the agent with a suitable non-irritating excipient which is
solid at room temperature but liquid at rectal temperature and
therefore will melt in the rectum to release the drug. Such
materials include cocoa butter, beeswax and polyethylene
glycols.

The pharmaceutical compositions of this invention may
also be administered topically, especially when the target of
treatment includes areas or organs readily accessible by topi-
cal application. Suitable topical formulations are readily pre-
pared for each of these areas or organs.

Topical application also can be effected in a rectal supposi-
tory formulation (see above) or in a suitable enema formula-
tion. Topically-transdermal patches may also be used.

For topical applications, the pharmaceutical compositions
may be formulated in a suitable ointment containing the
active component suspended or dissolved in one or more
carriers. Carriers for topical administration of the compounds
of this invention include, but are not limited to, mineral oil,
liquid petrolatum, white petrolatum, propylene glycol, poly-
oxyethylene, polyoxypropylene compound, emulsifying wax
and water. Alternatively, the pharmaceutical compositions
can be formulated in a suitable lotion or cream containing the
active components suspended or dissolved in one or more
pharmaceutically acceptable carriers. Suitable carriers
include, but are not limited to, mineral oil, sorbitan
monostearate, polysorbate 60, cetyl esters wax, cetearyl alco-
hol, 2-octyldodecanol, benzyl alcohol and water.

For ophthalmic use, the pharmaceutical compositions may
be formulated as micronized suspensions in isotonic, pH
adjusted sterile saline, or, preferably, as solutions in isotonic,
pH adjusted sterile saline, either with or without a preserva-
tive such as benzylalkonium chloride. Alternatively, for oph-
thalmic uses, the pharmaceutical compositions may be for-
mulated in an ointment such as petrolatum.

The pharmaceutical compositions of this invention may
also be administered by nasal aerosol or by inhalation. Such
compositions are prepared according to techniques well-
known in the art of pharmaceutical formulation and may be
prepared as solutions in saline, employing benzyl alcohol or
other suitable preservatives, absorption promoters to enhance
bioavailability, fluorocarbons, and/or other conventional
solubilizing or dispersing agents.

In preferred aspects of the invention, the amount of salicy-
late which is administered to a patient or subject to reduce the
hepatotoxicity of the coadministered bioactive agent is an
effective amount falling within the range from about 0.01
mg/kg to about 25 mg/kg, about 0.1 mg/kg to about 20 mg/kg,
about 0.5 mg/kg to about 15 mg/kg, about 1.0 mg/kg to about
12.5 mg/kg, about 1.5 mg/kg to about 10 mg/kg, about 2.5
mg/kg to about 7.5 mg/kg, about 3.0 mg/kg to about 5 mg/kg,
about 4 mg/kg to about 4.5 mg/kg. One of ordinary skill in the
art may adjust the amount of salicylate coadministered with a
bioactive agent to influence and reduce the hepatotoxicity of
the coadminstered bioactive agent. The amount of salicylate
used in the instant invention to be combined with a bioactive
agent and carrier materials to produce a single dosage form
will vary depending upon the host treated, the particular mode
of administration, the therapeutic target, the level of hepato-
toxicity produced by a bioactive agent, etc.

The amount of bioactive agent used in the instant invention
to be combined with the salicylate compound and carrier
materials to produce a single dosage form will vary depend-
ing upon the host treated, the particular mode of administra-
tion, etc. Preferably, the compositions should be formulated
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so that a therapeutically effective dosage of between about 0.1
ng/kg and 25 mg/kg, about 0.50 pg/kg and 20 mg/kg, about 1
ng/kg and 20 mg/kg about 5 pug/kg to about 15 mg/kg, about
500 pg/kgto about 10 mg/kg patient/day of the compound can
be administered to a patient receiving these compositions.

Preferably, pharmaceutical compositions in dosage form
according to the present invention comprise a therapeutically
effective amount of at least about 5 pug of bioactive agent, at
least about 25 ng of bioactive agent, at least about 100 pg of
bioactive agent, at least about 500 pg of bioactive agent, at
least about 1 mg of bioactive agent, at least about 10 mg of
bioactive agent, at least about 15 mg of bioactive agent, at
least about 25 mg of bioactive agent, at least 50 mg of bioac-
tive agent, at least 60 mg of bioactive agent, at least about 75
mg of bioactive agent, at least about 100 mg of bioactive
agent, at least 150 mg of bioactive agent, at least 200 mg of
bioactive agent, about 250 mg of bioactive agent, about 300
mg of bioactive agent, about 350 mg of bioactive agent, about
400 mg of bioactive agent, about 500 mg of bioactive agent,
about 750 mg of bioactive agent, about 1 g (1000 mg) of
bioactive agent, alone or in combination with a therapeuti-
cally effective amount of at least one additional bioactive
agent.

It should also be understood that a specific dosage and
treatment regimen for any particular patient will depend upon
a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health,
sex, diet, time of administration, rate of excretion, drug com-
bination, and the judgment of the treating physician and the
severity of the particular disease or condition being treated.
The amount of salicylate compound which is included in a
pharmaceutical composition or otherwise administered to a
patient or subject will vary with the ability of the bioactive
agent to induce heptatoxicity.

Coadministration of the active compounds may range from
continuous (intravenous drip) to one or more oral or inhala-
tion (intratracheal) administrations per day (for example, a
single sustained or controlled release dose, B.I.D. or Q.1.D.)
and may include oral, pulmonary, topical, parenteral, intra-
muscular, intravenous, sub-cutaneous, transdermal (which
may include a penetration enhancement agent), buccal, sub-
lingual and suppository administration, among other routes
of'administration. Enteric coated oral tablets may also be used
to enhance bioavailability of the compounds from an oral
route of administration. The most effective dosage form will
depend upon the pharmacokinetics of the particular agent
chosen as well as the severity of disease in the patient. Oral
dosage forms are particularly preferred, because of ease of
administration and prospective favorable patient compliance,
in addition to the fact that oral dosage forms lend themselves
more easily to sustained or controlled release administration.

To prepare the pharmaceutical compositions according to
the present invention, a therapeutically effective amount of
one or more of the compounds according to the present inven-
tion is preferably intimately admixed with a pharmaceutically
acceptable carrier according to conventional pharmaceutical
compounding techniques to produce a dose. A carrier may
take a wide variety of forms depending on the form of prepa-
ration desired for administration, e.g., oral or parenteral. In
preparing pharmaceutical compositions in oral dosage form,
any of the usual pharmaceutical media may be used. Thus, for
liquid oral preparations such as suspensions, elixirs and solu-
tions, suitable carriers and additives including water, glycols,
oils, alcohols, flavouring agents, preservatives, colouring
agents and the like may be used. For solid oral preparations
such as powders, tablets, capsules, and for solid preparations
such as suppositories, suitable carriers and additives includ-
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ing starches, sugar carriers, such as dextrose, mannitol, lac-
tose and related carriers, diluents, granulating agents, lubri-
cants, binders, disintegrating agents and the like may be used.
If desired, the tablets or capsules may be enteric-coated or
sustained release by standard techniques. The use of these
dosage forms may significantly the bioavailability of the
compounds in the patient.

For parenteral formulations, the carrier will usually com-
prise sterile water or aqueous sodium chloride solution,
though other ingredients, including those which aid disper-
sion, also may be included. Of course, where sterile water is
to be used and maintained as sterile, the compositions and
carriers must also be sterilized. Injectable suspensions may
also be prepared, in which case appropriate liquid carriers,
suspending agents and the like may be employed.

Liposomal suspensions (including liposomes targeted to
viral antigens) may also be prepared by conventional methods
to produce pharmaceutically acceptable carriers. This may be
appropriate for the delivery of free nucleosides, acyl/alkyl
nucleosides or phosphate ester pro-drug forms of the nucleo-
side compounds according to the present invention.

In preferred aspects, the present invention also relates to
pharmaceutical compositions in oral dosage form comprising
effective amounts of aspirin in combination with effective
amounts of a bioactive agent according to the present inven-
tion, optionally in combination with a pharmaceutically
acceptable carrier, additive or excipient. Compositions for
oral administration include powders or granules, suspensions
or solutions in water or non-aqueous media, sachets, capsules
or tablets. Thickeners, diluents, flavorings, dispersing aids,
emulsifiers or binders may be desirable.

The pharmaceutical compositions of the invention are safe
and effective for use in the therapeutic methods according to
the present invention. Although the dosage of the individual
components of the composition of the invention may vary
depending on the type of active substance administered and
optional additional agents as well as the nature (size, weight,
etc.) of the subject to be diagnosed, the composition is admin-
istered in an amount effective for allowing the pharmacologi-
cally active substance to exhibit its inherent therapeutic
effect, with reduced hepatotoxicity associated with the coad-
ministration of the salicylate as otherwise described herein.
For example, the composition is preferably administered in
sustained release oral, topical, sublinguial or buccal dosage
forms, from once a day up to two (BID) or four times a day
(QID). The form of the pharmaceutical composition of the
invention such as a tablet, capsule, powder, solution, suspen-
sion etc. may be suitably selected according to the type of
substance to be administered.

Not to be limited by way of mechanism, the present inven-
tors have shown that hepatocyte death results in a sterile
inflammatory response which amplifies the initial insult and
increases liver injury. A clinically important example is
acetaminophen induced liver injury in which there is initial
toxic injury, followed by innate immune activation. Using
mice deficient in TLR9 and the inflammasome components
NALP3, ASC and caspase-1, the inventors have identified a
non-redundant role for TLR9 and the NALP3 inflammasome
in acetaminophen induced injury. There is an initial toxic
injury resulting in hepatocyte death. DNA from the apoptotic
hepatocytes subsequently activates TL.R9, and provides the
signal for pro-1L-1p and pro-IL-18 transcription. The NALP3
inflammasome provides the second signal for cleavage and
activation of these cytokines by caspase-1. Liver sinusoidal
endothelial cells express TLRY, up-regulate pro-IL-1 and
pro-1L-18 in response to DNA from apoptotic hepatocytes,
and demonstrate caspase-1 activation in vivo after acetami-
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nophen injury. TLR9 antagonists and aspirin reduce mortality
from acetaminophen hepatotoxicity. The protective effect of
aspirin on acetaminophen-induced liver injury is not via inhi-
bition of cox-1 or platelet degranulation, but rather by down
regulation of pro-inflammatory cytokines. In summary we
have identified a two signal requirement of TLR9 and
inflammsome activation for full acetaminophen hepatotoxic-
ity, and demonstrated novel therapeutic approaches to
improve survival using a salicylate compound as otherwise
described herein.

EXAMPLES

The following description of experiments conducted are
presented to exemplify the present invention. They are by way
of'example only and are not to be taken the limit the invention
in any way.

Materials and Methods
Animals.

C57BL/6 mice were purchased from commercial sources.
NALP3-/-, IL-18-/- ASC~/-, IPAF-/- and TLR9-/- mice
were backcrossed nine generations onto the C57BL/6 back-
ground. Caspase 1-/- mice were backcrossed 5-6 generations
onto the C57BL/6 background. These mice have been
described previously (39, 40). IL-1p was neutralized in by
using the anti-IL-1p antibody from clone B122 (a gift of R.
Schreiber, Washington University) at a dose of 0.2 mg/mouse
iv twice a day for a total of 48 hours after giving APAP.
Control mice received Armenian hamster isotype control
antibody. For survival experiments animals were euthanized
when they became moribund using criteria of lack of response
to stimuli or lack of righting reflex. Animal protocols were
approved by the Yale University animal care and use commit-
tee. [include references for IPAF-/- (M. Lara-Tejero et al.
JEM 2006) and I[.-18-/-. Need to add TLR9-/- and
TLR3-/-]

Acetaminophen Induced Hepatotoxicity.

APAP (Sigma, Mo.) solution was made fresh for each
experiment in PBS at 20 mg/ml and heated in a water bath to
55°C.todissolve. APAP was dosed at 500 mg/kg and injected
1.P after 15 hrs of starvation. Animals were euthanized by
ketamine/xylazine injection at 12 hours for collection of
serum, isolation of liver lymphocytes or collection of liver
tissue for histology, or they were observed every four hours
for 72 hours until they reached criteria for euthanasia (lack of
response to stimuli or lack of righting reflex).
Aspirin/Clopidogrel/SC-560.

Aspirin (Sigma, Mo.) was made fresh for each experiment.
For dosing prior to APAP it was dissolved in single deionized
water at 60 mg/1 and heated to 42° C. with rapid stirring to
dissolve, then rapidly placed in an ice water bath to cool.
Aspirin in water was given to the mice 60-72 hours prior to
APARP injection. Assuming water consumption of 3-5 ml per
day this dose would be equivalent to a 300-500 mg dose in an
80 kg adult human. For co-administration of APAP and aspi-
rin, aspirin was gavaged at a dose of 6 mg/kg in a volume of
100 ul of water immediately after ip injection of APAP. Clo-
pidogrel (Gilead Pharmaceuticals, CA.) was dissolved in
PBS at 6 mg/ml and administered by gavage of 100 ul, 30
mg/kg, every 24 hours beginning 48 hours prior and ending
24 hours after APAP injection. Cox-1 inhibitor (SC-560).
SC-560 (Cayman chemical, MI) was dissolved at S0 mg/mlin
DMSO and further dissolved in PBS in order to gavage a dose
of 5 mg/kg in 100 ul. It was administered twice per day
beginning 60 hours prior to Tylenol and continued for 48
hours after APAP injection as previously established(41).
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Uric Acid Peritonitis.

Peritonitis was induced with uric acid crystals as previ-
ously described by injecting 3 mg of MSU intraperitoneally
per mouse (27). Three hours after injection peritoneal lavage
was performed on mice euthanized by isoflurane inhalation.
Neutrophil infiltration was evaluated by flow cytometry. The
percent of Gr-1 (BD Pharmingen, CA) positive cells was
multiplied by the total cell counts.

Liver Sinusoidal Endothelial Cell (LSEC) Isolation.

After in-situ pronase digestion the non-parenchymal cell
suspension is centrifuged for 5 min at 100 g to remove most of
the parenchymal cells. This process is repeated until no pellet
is observed. The supernatant enriched in LSEC is centrifuged
for 10 min at 350 g. The pellet is resuspended in PBS and
centrifuged for 10 min at 350 g. The cells are resuspended in
PBS and layered (3.3 ml) on the top of two-step percoll
gradient (put the 5 ml of 50% percoll at the bottom and put the
6.6 ml of 25% percoll at the top). The gradients are centri-
fuged at 900 g for 20 min and the intermediate layer included
LSEC is collected and cultured in the media (EGM™-2
MV-—Microvascular Endothelial Cell Medium-2, CAM-
BREX, Charles City, lowa).

ODN2088 and IRS 954 Injection.

TLR9 antagonist (ODN2088, 50 microgx2) or PBS, were
injected ip into wild-type mice immediately after and at 6
hours after APAP injection and total mouse liver was obtained
12 hours after APAP injection for quantitative Q-PCR for
IL-1p. IRS 954 (Dynavax Technologies) was injected ip at a
dose of 150 meg per mouse immediately after APAP and at 14
and 28 hrs.

Apoptotic DNA Portal Vein Injection.

DNA from healthy and apoptotic hepatocytes (200 microg)
was isolated using Qiagen DNeasy Tissue Kit according to
the manufacturers directions. Hepatocytes were cultured in
15 mm dishes, and when near confluent were exposed to 600
ml] of ultraviolet irradiation using a UV Stratalinker 1800
(Stratagene, La Jolla, Calif.). Cell apoptosis was evident 6
hours after irradiation via typical morphological changes. At
this time, DNA was extracted and run on a standard eithidium
bromide stained gel to confirm DNA degradation consistent
with apoptosis. DNA was injected via the portal vein in wt and
TLR9-/- mice. After 12 hrs total mouse liver was obtained
for histology and Q-PCR for IL.-1 and IL-18.

LSECs.

Primary mouse LSECs from the Wild-type and TLR9-/-
mice were cultured in the presence of apoptotic DNA (50
ng/ml), apoptotic DNA+TLRY antagonist (ODN2088; Invi-
vogen, San Diego, Calif.). Twenty-four hours after culture,
complementary DNA was prepared.

Quantitative Real-Time PCR.

Q-PCR was performed for IL-13 and IL.-18 using commer-
cial primer-probe sets (Applied Biosystems, Framingham,
Mass.) and the Applied Biosystem 7500 real-time PCR sys-
tem. Expression of glyceraldehyde 3-phosphate dehydroge-
nase was used to standardize the samples, and the results were
expressed as a ratio compared with untreated HSCs. Quanti-
tative Real-time PCR for mRNA expression of IL-18, IL-1p,
TNF-c. and IFN-y. Total mouse liver was obtained 12 hours
after APAP and cDNA was prepared. Quantitative real-time
PCR (Q-PCR) was performed for I[.-18 and IL-1p using
commercial primer-probe sets (Applied Biosystems, Calif.)
and the Applied Biosystem 7500 real time PCR system.
Expression of GAPDH was used to standardize the samples,
and the results were expressed as a ratio compared to control.
Western Blots.

Caspase 1 Western blots were carried out by standard pro-
tocols using cell lysate from 2x10°> LSEC and anti-caspase-1
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antibody (Santa Cruz Biotechnology, Calif.). ELISA for
serum IL.1-f was carried out by standard protocols.
Cell Line.

The human monocytic cell line THP1 was maintained in
RPMI with 10% FBS. Stimulation with LPS (Sigma, Mo.)
was performed by plating cells at 5x10° per 24 well, incubat-
ing overnight with aspirin or control media prior to adding
LPS at 10 pg/ml for 8 hours.

Statistical Analysis.

Kaplan-Meier plots and statistical analysis were performed
using MedCalc software version 9.2.0.1. Unpaired 1-tailed
students T test was used to compare groups.

Results
Reduced Mortality and Liver Injury in TLR9-/- Mice in
Response to APAP

To test if TLRY has a role in the up-regulation of IL-1 we
quantified pro-IL-1f transcripts in the livers of wild-type and
TLRO9-deficient mice twelve hours after a toxic dose of APAP
(ip 500 mg/kg). There was a significant increase in pro-I1L-1f
transcripts in the livers of wild-type mice 12 hrs after APAP,
which was markedly decreased in TLR9-/- mice (FIG. 1a).
To establish that the reduction in pro-IL-1p expression was
associated with decreased liver injury, we assayed serum
alanine transaminase (ALT) and examined liver histology 12
hrs after APAP. In TLR9—/- mice serum ALT levels were
significantly lower, and there was less hepatic hemorrhage
and necro-inflammation (FIG. 15-¢). To test if the reduced
pro-IL-1p expression and hepatotoxicity were associated
with improved survival, wild-type and TLR9-/- mice were
monitored over 72 hours after APAP (ip 500 mg/kg). There
was dramatically reduced mortality in the TLR9—/- mice
after APAP, compared to wild-type mice (wild-type n=15,
TLRY9-/- n=17 P<0.04) (FIG. 1d).

TLR Antagonists Reduce APAP Induced Liver Injury in
Wild-Type Mice

Having demonstrated reduced liver injury and improved
survival in TLR9-/- mice we wanted to test if liver injury
could be reduced in wild-type mice with the administration of
a TLRY antagonist. The TLR9 antagonist ODN2088 (50
microgx2) or PBS, were injected ip to wild-type mice imme-
diately after, and at 6 hours after APAP injection, and serum
and total mouse liver was obtained at 12 hours after APAP
injection for quantitative Q-PCR and ALT assay. Injection of
ODN2088 significantly reduced pro-1L-1f transcripts and
serum ALT (FIG. 2a-b). We next wanted to demonstrate an
improvement in survival from APAP hepatotoxicity using a
TLR antagonist in clinical development. The immunoregula-
tory sequence 954 (IRS 954) can inhibit TLRY and TLR 7,
and has been shown to ameliorate disease in models of sys-
temic lupus erythematosus (18, 19). We administered IRS
964 (150 meg/mouse ip) immediately after a toxic dose APAP
and at 14 and 28 hrs. Administration of IRS 964 resulted in a
significant decrease in serum transaminases at 12 hrs and
improved survival (FIG. 2¢-d) (control n=14, IRS 964 n=14
P<0.006). This further confirms the importance of TLR9 in
APAP hepatotoxicity, and also identifies a viable new thera-
peutic strategy which may be applicable to other diseases
caused by a sterile inflammatory response.

DNA from Apoptotic Cells Up-Regulates Liver pro-IL-1p,
pro-1L.-18 in a TLRY Dependent Manner

To directly test if apoptotic DNA can upregulate pro-1L-1
and induce liver injury we injected DNA (200 microg/mouse)
from healthy and apoptotic hepatocytes directly into the por-
tal vein of wild-type mice and examined up-regulation of
pro-1L-1p. Twelve hours after injection of DNA there was
significant up-regulation of pro-IL-1p transcript and an
increase in serum ALT levels (FIGS. 2e and 2g). Pro-IL-1f
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up-regulation and ALT elevations were significantly greater
in response to DNA from apoptotic cells, as compared to
healthy cells. IL-18 is important in many types of liver injury,
and is also dependent on capsase-1 for cleavage and activa-
tion (20). In contrast to pro-IL-1p there is significant basal
level of pro-IL-18 transcript in many cell types, but this can be
up-regulated by viral infection and bacterial products (21,
22). Analogous to pro-1L-1f, there was significant up-regu-
lation of pro-IL.-18 in response to mammalian DNA and this
was greater for DNA from apoptotic hepatocytes (FIG. 2f). To
confirm that up-regulation of pro-1L-1f, pro-IL-18 and
increase in serum ALT were due to actions of hepatocytes
DNA via TLR9Y, the experiments were performed in parallel
in TLR9-/- mice. There were no significant changes in either
pro-1L-1p or pro-IL.-18, and no increase in serum ALT (FIG.
2h-)).
DNA from Apoptotic Cells Up-Regulates pro-IL-1 and pro-
1L-18 in Sinusoidal Endothelium in a TLR9 Dependent Man-
ner

Having demonstrated an important role for TLR9 in APAP
and DNA induced liver injury the inventors were interested in
identifying the liver cell type responding to TLR9. A number
of cell types in the liver have the ability to respond to TLR9
including stellate cells and NK-T cells(23). The majority of
TLR9 expression in the liver is however on sinusoidal endot-
helium, and we therefore focused on this cell type as a can-
didate for TLR9 activation and up-regulation of pro-IL-1
and pro-1L-18 (24). To initially test if classic non-immune
cells such as endothelium are important in the up-regulation
of pro-1L-1f and pro-IL.-18 after APAP induced hepatotox-
icity we gave a toxic dose of APAP to genetically altered mice
lacking the genes of Rag 1 and common gamma chain
(ragl-/—y-/-), and compared them to wild-type mice.
Ragl-/-y-/- mice are lacking T, B, NK and NK-T cells and
other lineages are reduced, and their livers still had significant
up-regulation of pro-IL-1f and pro-IL-18 suggesting that
non-immune cells have a significant role (FIG. 3a-b) (25).

The inventors directly tested if DNA from apoptotic hepa-
tocytes (50 pg/ml) can up-regulate pro-IL-1f and pro-IL-18
in liver sinusoidal endothelial cells from wild-type mice, and
found significant up-regulation 24 hrs after culture (FIG.
3c¢-d). This up-regulation of pro-IL-1p and pro-IL-18 was
inhibited by the TLR9 antagonist ODN2088, and did not
occur in liver sinusoidal endothelial cells from TLR9-/- mice
(FIG. 3e-f). To confirm in-vivo the importance of IL-1p3 and
1L-18 in APAP induced hepatotoxicity we gave a single toxic
dose of APAP in wild-type mice in which IL-1$ had been
neutralized, and also to mice deficient in IL-18. In the absence
of'either IL-1f or IL-18 there was significantly reduced mor-
tality compared to wild-type mice in response to APAP (con-
trol antibody n=10, anti-IL-1p n=10 P<0.02) (wild-type
n=10, IL-18-/- n=7 P<0.036) (FIG. 3g-h).
Reduced Mortality and Liver Injury in Mice Lacking Com-
ponents of the NALP3 Inflammasome

Pro-IL-1p and pro-1L.-18 require cleavage to become bio-
logically active, and this occurs predominantly by capsase-1
(10). This regulatory importance of caspase-1 is demon-
strated by the fact that many cells constitutively synthesize
pro-1L-18, but there is no functional 11.-18 until cleavage and
activation (26). The importance of caspase-1 in pro-1L-1 and
pro-1L-18 processing have been known for some time, and
recently the molecular components responsible for caspase-1
activation have been identified. These consist of a family of
cytosolic proteins which form a complex called the inflam-
masome consisting of a NALP family member, the adaptor
protein ASC and caspase-1 (17). The best characterized of the
NALP molecules which can activate caspasel is NALP3
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which itself can be activated by monosodium urate (MSU)
and ATP. Another NLR family member, IPAF, can also acti-
vate caspapse-1 in response to gram-negative bacteria.

The important role of IL-1§ and IL-18 in APAP induced
hepatotoxicity and their dependence on casapse-1 for activa-
tion directed us to investigate the role of the caspase-1 path-
way in APAP hepatotoxicity. We tested the requirement for
components of the inflammasome using mice deficient in
caspase-1, ASC, NALP3 or IPAF (caspase-1-/-, ASC—/-,
NALP3-/-, and IPAF-/-). We found that caspase-1-/-,
ASC—/- and NALP3-/- mice were significantly less suscep-
tible to APAP induced injury than controls (FIG. 4a-c), but
IPAF—-/- mice were not protected (FIG. 4d) (wild-type n=12,
caspase 1-/-— n=12 P<0.04) (wild-type n=15, ASC-/- n=15
P<0.03) (wild-type n=15, NALP3-/- n=15 P<0.006) (wild-
type n=12, IPAF-/- n=8 P: NS). Histological analysis
showed that there was less liver injury in the absence of
caspase-1, ASC or NALP3 (FIG. 4¢). Measurement of serum
ALT levels confirmed this by showing significantly reduced
serum ALT in caspases-1-/- and NALP3—/- mice (P<0.03).
This demonstrates a critical role for the NALP3 inflamma-
some pathway, and confirms the important role for IL-1f and
1L-18 in APAP induced liver injury. The predominant expres-
sion of TLRY in the liver is on sinusoidal endothelial cells,
and it was therefore important to establish if there is caspase-1
cleavage in these cells during APAP induced hepatotoxicity.
Indeed, twelve hours after APAP we isolated liver sinusoidal
endothelial cells and western blot analysis performed showed
cleavage of caspase-1 in these cells (FIG. 4g).

Aspirin Inhibits the Caspase-1 Pathway and Protects from
APAP Induced Mortality

The above data has identified pathways critical for APAP
hepatotoxicity which converge on caspase-1. One value of
demonstrating new pathways in a disease process is that it can
lead to novel therapies. In this context our goal was to identify
a safe, anti-inflammatory agent that would inhibit the
NALP3/ASC/caspase-1 pathway. This agent could have
therapeutic potential in APAP induced hepatotoxicity, and
possibly other types of liver injury. To test candidate drugs we
utilized an established model of NALP3 inflammasome acti-
vation in which intraperitoneal injection (i.p.) of monoso-
dium urate (MSU crystals) induces a neutrophilic peritonitis
(27). First we confirmed that NALP3 was required in this
model by testing in mice deficient in NALP3. As expected
NALP3-/- mice had markedly less neutrophilic infiltrate at 3
hrs compared to wild-type mice challenged with MSU crys-
tals (FIG. 5a). Then we tested if low dose aspirin, a widely
available, inexpensive and safe drug could inhibit this path-
way. We found an eightfold reduction in neutrophil exudates
when mice were pre-treated with low dose aspirin in drinking
water for three days prior to induction of MSU peritonitis
(FIG. 5b). We next investigated whether low dose aspirin
would protect against APAP induced liver injury. We found
that low dose aspirin administration protected against APAP
induced liver injury, as demonstrated by markedly improved
survival and histology (control drinking water n=13, aspirin
drinking water n=17 P<0.02) (FIG. 5¢-d). When aspirin was
given concordantly with APAP it still offered significant,
though reduced, protection (Control 22% survival+/-19%,
aspirin at 6 mg/kg survival 43%+/-11%, P<0.04).

Aspirin has a number of well characterized dose-depen-
dent effects. At low dose (1-6 mg/kg/day) aspirin inhibits
cox-1 and platelet degranulation, and recently has been found
to regulate gene transcription (28). At higher doses there is
inhibition of cox-2 and NFkB. The dose we used (4-6 mg/kg)
was below that required for cox-2 and NFkB inhibition.
Cox-2 inhibition is also known to increase rather than
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decrease APAP induced hepatotoxicity, and was therefore
unlikley to be a mechanism for the protective effects of aspi-
rin (29). We therefore tested if the protective effect of aspirin
could be due to inhibition of cox-1 or platelet degranulation
by administering the anti-platelet agent clopidogrel, or cox-1
inhibitor SC-560. Inhibition of platelet degranulation or
cox-1 prior to APAP exposure did not protect mice against
APAP toxicity (PBS gavage n=15, clopidogrel gavage n=15
P<0.31) (PBS gavage n=10, SC-560 gavage n=10 P<0.97)
(FIG. 6a-b) suggesting that a novel mechanism accounted for
the protective effects of low-dose aspirin.

Due to the dependence of APAP toxicity on IL-18 and
1L-18, and the recent demonstration of transcriptional down
regulation of a number of genes by low dose aspirin we next
examined if aspirin reduced the up-regulation of pro-IL-1
and pro-1L-18 transcripts induced by APAP(30). Using whole
liver extracts we found the increase in pro-1L-1f and pro-IL-
18 message by APAP hepatotoxicity was reduced to normal
levels with aspirin pre-treatment (FIG. 6¢-d). IL-1§ and IL-18
are known to be potent stimulators of TNF-c. and IFN-y
respectively, and we confirmed that expression of TNF-at and
IFN-y were also reduced by aspirin treatment (FIG. 6e-f). To
confirm changes in IL-1p levels in-vivo we assayed serum
IL-1P levels from mice treated with APAP, with and without
ASA. As shown in FIG. 6g, ASA resulted in a significant
reduction in the elevated IL.-1 levels induced by APAP hepa-
totoxicity. To test if aspirin can directly reduce IL-10 levels
we studied THP1 cells (human acute monocytic leukemia cell
line) in-vitro. Activation of THP1 cells by LPS is known to
result in up-regulation of pro-1L-1f transcript, and we dem-
onstrate that this response was reduced by aspirin (FIG. 64).
Our data shows that aspirin reduced IL.-1( and 1.-18 through
decreasing transcript levels and identifies a novel anti-inflam-
matory mechanism for aspirin.

Discussion

The present inventors have identified a two signal require-
ment for initiation of APAP induced liver toxicity. TLR9
provides a signal for the transcription of pro-IL-1p and pro-
1L-18, and the NALP3 inflammasome provides the signal for
cleavage and activation of these pro-cytokines. In addition we
have demonstrated the biological significance of mammalian
DNA from apoptotic cells in activating TLR9, expanding its
known role as a stimulus for the development of autoimmu-
nity to also inducing sterile inflammation (19, 23, 31).

Activation of TLR9 results in up-regulation of IL-1p and
1L-18, and we have shown the importance of each of these
cytokines by using neutralizing antibodies and genetically
altered mice respectively. The findings presented herein sup-
port the recent report of the importance of IL.1-R in the sterile
inflammatory response, and demonstrate the importance of
IL-1p as an upstream signal (7). The requirement for IL-18 in
APAP induced liver injury is consistent with its known roles
in immune activating and infectious models of liver injury,
including concanavalin A and LPS injury after Propionibac-
terium acnes priming (32). This study further expands the
role of IL-18, and demonstrates that it has an important and
non-redundant role in the sterile inflammatory response to
cellular death in the liver. In a model of sterile inflammation
induced by intraperitoneal injection of necrotic cells Chen et.
al., demonstrated that IL-1a was more important than IL-1p,
and that IL.-18 had a minimal role. The importance of IL-1
and 1L.-18 in the liver, but not the peritoneum highlights that
pathways involved in the sterile inflammatory response have
organ specificity, and this is likely due to the unique immune
cellular composition of each organ. This conclusion is sup-
ported by the observed reduction in injury after myocardial
infarction in the absence of caspase-1 activity (33).
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Identification of DNA from apoptotic cells as an agonist for
TLRY in APAP hepatotoxicity has important therapeutic
implications in the near future, and we have demonstrated that
a TLR 7 and 9 antagonist currently in clinical development
can improve survival from APAP toxicity (FIG. 2¢). The
signals for activation of the NALP3 inflammasome are less
well identified than those required for TLR9, with uric acid
and ATP from dying hepatocytes as candidates (34, 35). The
relative importance of these for NALP3 activation in APAP
hepatotoxicity needs to be established.

The model builds on the known mechanism of APAP
induced toxic injury to hepatocytes and identifies DNA from
apoptotic cells as a signal for immune activation. This model
requires the presence of a sensing cell which detects and
responds to the DNA from apoptosing cells. Such a cell would
have to demonstrate up-regulation of pro-IL-f and pro-IL.-18
in response to apoptotic DNA, and also caspase-1 activation
in-vivo. The expression of TLR9 in the liver is predominantly
on sinusoidal endothelial cells, and these were therefore
prime candidates for the sensing cell population (24). We
have shown that LSEC can be stimulated by mammalian
apoptotic DNA in a TLR9 dependent manner to up-regulate
pro-IL-1p and pro-IL.-18, and that caspase-1 activation
occurs in LSEC after APAP hepatotoxicity (FIG. 3¢-f). The
liver is however known to contain a very complex population
of non-parenchymal cells including Kupffer cells, NK cells,
NK-T cells, dendritic cells and stellate cells. There is very
limited information on the response of these populations to
TLRY activation, although some are known to express TL.R9
(23, 36). The role of these populations in sensing DNA from
apoptotic cells remains to be established. In contrast to the
response of liver non-parenchymal cells to TLR9 activation
there is much better understanding for IL-1f and IL-18 in
stimulating activation and cytotoxicity of liver non-parenchy-
mal cells. This would place activation of non-parenchymal
cells downstream of the production of IL-1f and IL.-18.

This study also demonstrated that aspirin inhibits NALP3
infammasome mediated inflammatory responses at a low
dose (4-6 mg/kg) (FIG. 5b). Previously aspirin has been dem-
onstrated to reduce liver injury, but not improve survival from
APAP in mice and rats when given in a dose range toxic to
humans (200-600 mg/kg) (37, 38). Such high doses are
known to inhibit cox-2, and the subsequent demonstration
that cox-2 is protective in APAP toxicity may be the reason for
the inability of aspirin at these doses to improve mortality
(29). Dueto the lack of affect on mortality, and the toxic doses
of aspirin there were no clinical implications for these earlier
findings.

Inhibition of gene transcription is a recently recognized
mechanism of action of aspirin, and this is the first demon-
stration of reduced transcription of inflammatory cytokines
(28). This is of value because the known ability of aspirin to
inhibit cox-1 and cox-2 does not explain its anti-inflamma-
tory effects. Consistent with this, inhibition of cox-1, cox-2
and platelet degranulation do not protect against APAP hepa-
totoxicity. The requirement of NALP3 inflammasome medi-
ated inflammation in APAP induced hepatotoxicity and the
ability of aspirin to inhibit this pathway to the degree that it
reduces liver injury and improves survival has significant
clinical implications. If confirmed in humans, co-formulation
of aspirin with APAP may reduce hepatotoxicity from APAP
overdoses. Furthermore the NALP3 inflammasome may have
an important role in other forms of sterile inflammation such
as ischemic and non-alcoholic steatohepatitis.
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The invention claimed is:

1. A pharmaceutical composition comprising a therapeuti-
cally effective amount of a hepatotoxicity inducing bioactive
agent in combination with an effective amount of a salicylate
according to the chemical structure:

where Ris H or a C,-C,, acyl group, or a pharmaceutically
acceptable salt thereof, in combination with a pharma-
ceutically acceptable carrier, additive or excipient
wherein the amount of said salicylate in said composi-
tion substantially reduces the hepatotoxicity of said bio-
active agent after administration to a patient wherein
said hepatotoxicity inducing bioactive agent is adriamy-
cin (doxorubicin).

2. The composition according to claim 1 wherein R is an
acetyl group.

3. The composition according to claim 1 wherein said
salicylate increases the therapeutic index of said bioactive
agent at least about 5-10% above the therapeutic index exhib-
ited by said bioactive agent when administered in the absence
of said salicylate.

4. The composition according to claim 1 wherein Risa C,
acyl group.

5. The composition according to 1 wherein said salicylate
is acetylsalicylic acid or a pharmaceutically acceptable salt
thereof.
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6. The composition according to claim 1 wherein said
bioactive agent is included in said composition at a high
effective dose.

7. The composition according to claim 1 wherein said
salicylate compound is administered in sustained or con-
trolled release form.

8. The composition according to claim 1 wherein said
salicylate compound and said bioactive agent are delivered in
sustained or controlled release form.

9. The composition according to claim 1 in oral dosage
form.

10. The composition according to claim 1 in parenteral
dosage form.

11. The composition according to claim 1 in buccal or
sublingual dosage form.

12. The composition according to claim 1 in transdermal
dosage form.

13. The composition according to claim 2 wherein said
bioactive agent is included in said composition at a high
effective dose.
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14. The composition according to claim 2 wherein said
salicylate compound is administered in sustained or con-
trolled release form.

15. The composition according to claim 2 wherein said
salicylate compound and said bioactive agent are delivered in
sustained or controlled release form.

16. The composition according to claim 2 in oral dosage
form.

17. The composition according to claim 2 in parenteral
dosage form.

18. The composition according to claim 2 in buccal or
sublingual dosage form.

19. The composition according to claim 2 in transdermal
dosage form.

20. The composition of claim 7 in oral dosage form.
21. The composition of claim 8 in oral dosage form.
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